The accuracy, precision, and reproducibility of a rapid method for determination of fluoride in wine, using a fluoride selective ion electrode, were established by a collaborative study involving 12 laboratories, 5 in Europe and 7 in the United States. The laboratories assayed 6 Youden pairs of fluoride-fortified, red and white wine samples with fluoride concentrations ranging from 0.2 to 3.0 mg/L. The relative standard deviations of repeatability ranged from 1.94 to 4.88%; relative standard deviations of reproducibility ranged from 4.15 to 18.40%. HORRAT values ranged from 0.30 to 0.97. The average recovery was 99.97%. Based on the statistical results of this collaborative study, the Study Director recommends that this method be adopted First Action.
A lthough fluoride frequently occurs naturally in wine, usually at a concentration <1 mg/L, levels higher than this are occasionally seen. One source of introduction of fluoride into wine appears to be the use of the pesticide cryolite (Na 3 AlF 6 ), which is registered in the United States for use in vineyards as prebloom or bloom control of various Lepidoptera larvae, such as the Omnivorous Leafroller and Grapeleaf Skeletonizer.
Some countries have set a maximum residue level (MRL) of fluoride for regulatory purposes. The level ranges from 0.5 to 7 mg/L. The Office International de la Vigne et du Vin (OIV; 1) recommends an MRL of 1.0 mg/L, except for wines treated with cryolite in conformity with national law, in which case the MRL is 3.0 mg/L. For regulatory purposes, it is therefore important to have an analytical method that is demonstrated to be accurate, precise, and reproducible. Search of the literature indicates the use of the fluoride selective electrode to measure the concentration of fluoride in wine as early as 1975 (2) .
The Compendium of International Methods of Wine Analysis (3) of the OIV describes 2 methods of measuring fluoride in wine, using the fluoride ion-specific electrode. The methods describe a direct reading procedure as well as a known addition method. Our experience with the direct reading method is that it tends to give slightly higher results than those of the known addition method; ostensively due to matrix effects. Gil Armentia et al. (4) compared the fluoride ion-specific electrode direct method, addition method, and Gran's method (5) , and found the addition method to give the best results.
Collaborative Study
The proposed method was submitted to 12 academic, government regulatory, industrial, and commercial laboratories. Five are European and 7 are located in the United States. The collaborative study was performed according to the guidelines prescribed by AOAC INTERNATIONAL (6), using the Youden protocol. Participating laboratories were sent a copy of the method and instructions plus a practice sample and 6 Youden pairs of samples composed of 3 spiked red wines and 3 spiked white wines. Each sample was randomly coded. A Microsoft Excel ® spreadsheet that performed the necessary calculations, converting millivolt (mV) readings to fluoride concentrations was supplied to the participants. Collaborators were provided with 125 mL of the practice sample with a known fluoride concentration (2.2 mg/L) and instructed to use this sample to demonstrate method proficiency before proceeding with the analysis of the test samples. Participants were to make all standard solutions and buffer solution according to the method. mg/L; sample 12, 2.87 mg/L. The individual test sample solutions were sealed in 60 mL plastic bottles and randomly number coded before packaging one of each in sets to be shipped to the individual participants. The excess test samples were stored in 60 mL plastic bottles in a refrigerator set at approximately 4°C for possible replacement of samples lost or broken in shipment.
Test Sample Preparation

Method of Analysis
The development and initial testing is described elsewhere (2, 7, 8) . We validated the proposed method by determining the linearity of the method at 6 concentrations: 0.1, 0.5, 1.0, 2.0, 3.0, and 4.0 mg/L. These standard concentrations were analyzed on 3 different days with an average correlation of 0.9983. The accuracy/bias of the method was determined by performing 5 replications of 3 fluoride standards: 0.5, 1.5, and 3.0 mg/L, giving an average recovery of 103.8, 95.1, and 99.5%, respectively. The relative standard deviation of repeatability (RSD r ) was determined by 5 replications of these 3 standards on 5 different days. RSD r ranged from 3.0 to 9.2%. No difference was found between using a laboratory-made and a commercial buffer for adjusting total ionic strength. 
A. Principle
The concentration of fluoride is measured after addition of a buffer, using a fluoride selective ion electrode. The buffer provides a high, constant background ionic strength, complexes iron and aluminum (which would otherwise complex with fluoride), and adjusts the pH to a level that minimizes the formation of an HF·HF 2 complex. Matrix effects are minimized by using standard addition. 
B. Apparatus
E. Determination
(All standard and test solutions must be at the same temperature.) (a) Calibration standards.-Measure the potential of each of the calibration solutions, using meter, B(a), fluoride selective electrode, B(b), and reference electrode, B(b). Take final reading when meter has stabilized (potential varies <0.2-0.3 mV/3 min). Record the readings for each of the calibration standards. Plot the log 10 of each of the standard concentrations vs the mV reading measured for each standard concentration on graph paper and determine the slope of the curve for that electrode. (b) Wine.-Measure and record the mV potential of the test sample after the readings have stabilized. Add 500 mL 100 mg/L fluoride standard, C(b)(1). After the readings have stabilized, read and record the mV potential.
If the fluoride concentration in the test sample is >2 mg/L, make a second determination after dilution of the test sample: Pipet 25 mL wine into 50 mL volumetric flask, and dilute to volume with deionized water. Place 25 mL diluted wine in 150 mL beaker, and add 20 mL deionized water and 5 mL TISAB III, C(a). Mix with magnetic stirrer and then proceed with measurement as above. DF = 2.
F. Calculations
Calculate the fluoride content of the test solution expressed in mg/L as:
if the standard addition volume (V std ) is <1% of the volume of the solution after standard addition, then V a = V o and: 
Results and Discussion
A summary of the results obtained by the 12 participants is given in Table 2003 .03A. None of the laboratories reported any difficulties with the analysis. One Youden pair from one laboratory was determined to be an outlier, using the Cochran's test. These results are noted in Table 2003 .03A, and were not used in the statistical analysis.
Statistical analysis of the data reported by the collaborators indicates good precision within the laboratories and good agreement between the collaborators. The RSD r ranged from 1.94 to 4.88%; the RSD R ranged 4.15 to 18.40%. The HORRAT values (9), ranging from 0.30 to 0.97%, indicate very good reproducibility among participants. Average recovery ranged between 99.8 and 100.3% of the mean target. This agreement indicates good precision, accuracy, and reproducibility among the 12 laboratories.
Conclusions
The Study Director recommends that this method be adopted First Action in view of its demonstrated accuracy, precision, and reproducibility. R. Wittkowski, Bundesinstitut für Gesundheitlichen Verbraucherschutz, Berlin, Germany
